medical illness with hypertension (HT) in background characteristics of subjects and the habit of having breakfast daily in factors related to private-lifestyle were significantly associated with compliance. Baseline lipid profiles and work related issues were not associated with compliance. The occurrence rate of side effects did was similar in compliant and noncompliant workers. In this study, even though considering the re-compliant subjects, the rate of compliant subjects over a 3-yr period was considerably low (around 50%). The factors related to compliance were age, present illness with HT and the habit of having breakfast daily. (J Occup Health 2002; 44: 307-314) Key words: Long term, Compliance, Hypercholesterolemia, Male workers, Drug treatment
In treating chronic disease such as hypercholesterolemia, patients' noncompliance with both lifestyle modification and drug treatment is a major problem 1) . Although drug treatment for hypercholesterolemia has proved to be effective for both primary and secondary prevention of ischemic heart disease (IHD) in several trials [2] [3] [4] , noncompliance, in clinical practice, with those treatments for lowering serum cholesterol is a major problem in treating hypercholesterolemia as described in major clinical trials in which the rate of noncompliance was reported to be 15.6 to 23.5% 5) . Previous reports showed that drug compliance generally depends on side effects, particularly in gastrointestinal symptoms 1) . Nevertheless, in drug treatment for patients with hypercholesterolemia with HMG-CoA reductase inhibitors, having less gastrointestinal side effects, difficulties in complete patient compliance are reported, most likely because the patients, being without symptom, feel no necessity and no motivation for treatment 6, 7) . In the workplace, management for hypercholesterolemia has a high priority because more than 24.7 % of workers have hypercholesterolemia in the middle-age population 8) .
In our preliminary study, the distribution of the serum total cholesterol level of those workers was in the range requiring drug therapy as recommended in the guideline of the Japan Arteriosclerosis Society 9) . We believe that improving compliance with drug treatment is an important issue, and identifying affecting factors associated with jobs is crucial in health care of the workplace. We therefore conducted a prospective study. The profiles of participants were described in detail in part I of this study 10) . Briefly, we recommended a treatment with simvastatin, an HMG-CoA reductase inhibitor, in addition to a diet-based treatment program, for all eligible workers, with hypercholesterolemia diagnosed in a legally required medical check-up, and who had not been improved after a 3-month diet therapy. Subsequently, according to each individual preference, subjects were divided to two groups; a group accepting drug treatment (DT) and a group rejecting it. And then we followed them up for three years. This paper describes the long-term compliance of patients with simvastatin treatment, as well as factors affecting treatment compliance using baseline and follow-up data.
Methods

Subjects and methods
The subjects and study design were described in part I of this study 10) and methods for measuring relevant factors are described in this paper. In this study, 15 subjects who had taken cholesterol-lowering drug before this study were also included in addition to the 656 subjects described in part I 10) .
Treatment with drugs and health guidance
Subjects in the drug treatment group (DT) received dietary advice from an industrial physician or nurse, or from both for more than 15 min every 6 months, using standardized information brochure 11) . Health guidance consisted of explaining the relationship between hypercholesterolemia and IHD, and the necessity of lipid lowering treatment as well as other risk factors for IHD which included hypertension, diabetes mellitus, family history, obesity and smoking. The health professional then recommended an ideal diet according to the standardized method. Finally, the health professional cautioned against inappropriate lifestyle factors for each worker by reviewing the worker's lifestyle, and recommended some steps for improvement.
Patients in the DT received simvastatin 5 mg once daily. If the serum TC level did not decrease to the target level described below, the dose of simvastatin was increased to 10 mg, and if necessary, another drug was added after a 1-month evaluation. The targeted level for total cholesterol was less than 220 mg/dl in patients without risk factors for IHD and less than 200 mg/dl in patients with risk factors for IHD according to the JAS guidelines.
Follow-up
Industrial physicians followed up subjects every 3 months, performed blood tests to determine lipid profiles and to survey side effects. They gave health guidance with a standardized information brochure as described above every 6 months and collected the data. The visits were left as the participants' responsibility and no additional approach from professionals was started if participants ignored periodical visits.
Drug compliance
Investigators classified drug compliance in data from interviews into 4 grades: always took the drug according to the prescription (complete); occasionally forgot to take the drug (good); frequently forgot to take the drug (poor); and always forgot to take the drug (very poor). The criteria referring to these grades were as follows: complete, ≥90% use of the prescription; good, ≥75% and <90% use of the prescription; poor, ≥25% and <75% use of the prescription; and very poor, <25% use of the prescription. The data on compliance and serum chemistry were collected at 1, 3, 6, 12, 24, 30 and 36 months after the start of treatment.
Job profiles and lifestyle
Job profiles and private lifestyle, including type of job, work shift, work overtime, commuting time, marital status, living style, frequency of having breakfast, frequency of eating dinner out, frequency of exercise, sleep time, smoking habit, alcohol consumption, and stress level, were determined by a self-administered questionnaire. Alcohol consumption was calculated by multiplying the typical amount of ethanol (g) consumed in a day by the frequency of drinking in a week. Stress level was classified into 11 grades, with 0=low and 10=high.
Quality control for laboratory data
For the purpose of quality control in conducting a multicentered study, we chose the laboratories that participated in Zenkoku Roudou Dantai Rengou-Kai or certified by quality control programs, with Clinical Examination Quality Control Investigation conducted by the Japanese Medical Association. In addition, we confirmed the use of the compatible assay methods and international unit for GOT, GPT and γ-GTP concentrations among laboratories.
Statistical Analysis
The statistical analysis was performed using SPSS software (SPSS Japan, Inc., Tokyo). The rate of compliant subjects was estimated and factors affecting compliance were identified by using Cox proportional hazard model.
Results
Compliance with drug treatment
In this study, the 671 subjects included 656 who accepted drug treatment (DT group) in part I of this study [10] , and 15 who had taken cholesterol-lowering drugs before this study and were not included in part I. Out of 671 subjects, 31 subjects were excluded because 25 had no follow-up data (rejected participation in this part II study), and 6 had no information about compliance. Thus, we analyzed data on 640 workers who were followed up once or more than once. Mean (SD) follow-up periods were 21.5 (10.6) months. The numbers of subjects who were followed up for <1y, 1y≤ and <2y, and ≥ 2y were 86, 209 and 345, respectively. There were no significant differences in background characteristics such as age, lipid profiles, present illnesses, work-related factors, or private-lifestyle among subjects with different followup periods (data not shown). There were significant differences in mean follow-up periods among 28 institutions, but not among sectors or locations of industries.
Drug compliance clearly affected the serum lipid profile. Subjects having better compliance (complete or good with an interview) had more reduction, particularly in the serum total cholesterol (TC) level and in the low-density lipoprotein cholesterol (LDL-C) than poor compliance subjects (poor or very poor with an interview) (Fig. 1) .
Definition of noncompliance
From the results of the serum TC levels by compliance with an interview, compliance was defined as noncompliant when 1) poor or very poor compliance with an interview was observed twice or more than twice during the follow-up periods, 2) poor or very poor compliance with an interview was observed at the last follow-up, and 3) the follow-up became impossible because of no-response or refusing a doctor's prescription. Based on this definition, 240 (35.2%) workers had a noncompliant attitude, and 400 (64.8%) did not. The 240 noncompliant subjects included 159, 53 and 28 that met with 1), 2) and 3), respectively, of the noncompliant definition as mentioned above. Of 159 noncompliant subjects who met with 1), 23 were restored to compliance at the last follow-up (re-compliant). There was no significant difference in the noncompliant rate among subjects with different follow-up periods (<1yr, 1yr≤ and <2yr, and ≥2yr), 36.0% (31/86), 32.2% (66/205) and 36.8% (120/326), respectively. 
Side Effects
Symptoms that were considered to be side effects occurred in 10 cases. Adverse clinical events were detected in 24 cases. Of them, noncompliant subjects were 3 (30%) and 8 (33%) (symptoms and abnormalities in blood tests, respectively). These rate did not differ from the rate (35.2%) of noncompliant subjects.
Estimation of compliance rate
The dropped-out cases without a noncompliant attitude during the follow-up period were handled as censored cases, and the time-course rate of compliant subjects was assessed using Cox proportional hazard model by setting the occurrence of a noncompliant attitude to the endpoint. Censored cases included transferees or retirees among study subjects and subjects not to be followed up for reason of the industrial physician's (investigator's) transfer and restriction of clinic functions. The period of the endpoint (occurrence of noncompliance) was defined as the point of the second observation of the poor or very poor compliance with interviews or the last follow-up. When the re-compliant cases were excluded, the estimated rates of compliant subjects were calculated using Cox proportional hazard model, and the cumulative compliance rate at 6, 12, 24, and 36 months was 0.889 (SE=0.012), 0.807 (0.016), 0.626 (0.021) and 0.508 (0.027), respectively (Fig. 2) . When they were considered as compliant, the respective cumulative compliance rate was 0.893 (0.012), 0.813 (0.015), 0.641 (0.020), and 0.529 (0.026). Table 1 shows the association between background characteristics and compliance by hazard ratio for noncompliant, excluding the re-compliant subjects. Age was significantly and inversely associated with noncompliance, so that the other background factors were adjusted for age. There was no significant association between the lipid profile and compliance, as well as other risk factors for IHD, except for present illnesses with hypertension and diabetes mellitus. Risk factors for IHD included a serum TC level ≥260 mg/dl, the presence of hypertension, presence of diabetes mellitus, family history of IHD, obesity and current smoking habit. In addition, there was no significant association between the number of risk factors for IHD and compliance. Table 2 shows the association between compliance with drug treatment and job profile by hazard ratio adjusted for age and present medical illness of hypertension and diabetes mellitus, excluding the re-compliant subjects. The job profile included the type of job, job style, work shift, overtime work, sleep length and commuting time. In addition, we examined the effect of the stress level on compliance. Of 640 subjects, 410 answered questionnaires regarding job profiles and private-lifestyle. The questionnaire reply rate was less than 50% in 16 institutions out of a total of 27, but there were no significant differences in the reply rate among sectors and locations of industries. The adjusted hazard ratio of sales job was 1.74, but there was no significant association. The unclassified job type was significantly and inversely associated with noncompliance (hazard ratio=0.48, 95% confidence interval (CI) =0.25-0.93). The work shift, mean work overtime, sleep length, commuting time and stress level were not associated with compliance.
Factors affecting drug compliance
Association between drug compliance and private lifestyle
Marital status and living style (living with his family or alone) was not associated with drug compliance (Table  3 ). The habit of not taking breakfast daily was significantly associated with noncompliance (hazard ratio=1.63, 95% CI=1.09-2.44). Low frequency (1-2 d per week) of daily exercising was associated with noncompliance, showing a borderline significance (hazard ratio=1.44, 95% CI=0.998-2.07), but the very low frequency (<1 d per week) was not. Other privatelifestyle factors, including the frequency of eating dinner out or drinking alcohol, or ethanol consumption did not affect drug compliance.
Multivariate analysis
To determine factors affecting drug compliance, a multivariate analysis was performed, and the results are summarized in Table 4 . Age, present illness with hypertension and the habit of not taking breakfast daily were significantly associated with a noncompliant attitude. Low frequency of daily exercising was significantly associated with a noncompliant attitude, but the very low frequency was not. Fig. 2 . Cumulative compliance rate curve. Occurrence of noncompliance was set to the endpoint, and the cumulative compliance rate was calculated using Cox proportional hazard model. 
Discussion
To our knowledge, this is the first prospective analysis of treatment compliance in Japanese male workers. Generally, patient compliance with drug treatment is critical in the success of a treatment for chronic disease, on which a large number of papers have been published 4, 5) . Methods used in assessing drug compliance with cholesterollowering drugs, included measuring the drug content in blood or urine, pill count and use of a questionnaire 4, 5) . Each method has both advantages and disadvantages. Bruckert E. et al. 6) have reported that compliance assessed by both pill count and patient interviews gave similar results in the Coronary Drug Project in a secondary prevention trial. In the present study, the patient compliance obtained from interviews was graded in 4 degrees. Because the subjects were clearly divided into two groups according to serum cholesterol levels, we defined patients who took 75% or more of the prescription as compliant, and patients who took less as noncompliant. In addition, the cases were defined as noncompliant when they were dropped out due to no-response and refused their doctor's recommendation. We considered the CI=confidence interval occurrence of a noncompliant attitude as an endpoint and applied Cox proportional hazard model to assess the timecourse rate of compliant subjects and to identify factors affecting compliance, since there was no significant difference in the noncompliance rate among subjects with different follow-up periods. The estimated rate of compliant subjects decreased time-dependently to around 50% in 3 yr. Although considering the presence of the recompliant subjects, our results suggest that noncompliance rates are higher than that found in other populations (20%-30%) [4] [5] [6] . In addition, considering that noncompliance was defined with stricter criteria as taking < 80-90% of the prescription in those studies, the rate of noncompliant subjects in this study seems to be considerably higher than it at first appears to be.
Traditional solutions to the problem of noncompliance include appropriate education, improved physicianpatient communication and behavioral strategy 7) . In fact, this study population received much more education and support from professionals in treating hypercholesterolemia than the general population. Industrial physicians generally have better communication with patients and can explain the purpose of the medication better and the regimen in detail. With repeated health guidance sessions, the subjects of this study presumably well understood the risk of IHD in relation to hypercholesterolemia. Behavioral strategies could include simplifying the treatment regimen, the use of social support, continued follow-up, and others. In this study, most patients received a once-a-day regimen of simvastatin along with the support of industrial physicians and nurses, in addition to periodical follow-up. The subjects also had healthcare service delivery, which represents a new strategy for intervention 7) . In spite of these advantages, the results of this study still showed a high rate of noncompliance in this population.
Side effects of the drug, particularly in gastrointestinal symptoms generally affect patient compliance with drug treatment 1) . In this study, however, there were no differences between compliant and noncompliant workers in the occurrence rates of side effects, and we considered three factors, educational factors, work-related issues, and private lifestyle to be related to this high noncompliance rate. We believe that if patients have adequate awareness of the importance of treatment, they generally demonstrate higher levels of compliance. There were no differences between compliant and noncompliant groups in baseline lipid profiles and baseline risk factors for IHD, suggesting that workers in this study were predicted to have little awareness of the risk factors of IHD. As mentioned in part I, the average serum TC level of subjects in this study was above 270 mg/dl 10) . These results indicate that there is a need for effective educational programs to promote treatment acceptance and compliance. Regarding work-related factors, no significant association was observed with patient compliance, except for job type. The job type was likely to be associated with compliance. An unclassified job type was significantly and inversely associated with noncompliance, indicating that further detailed information regarding job types was needed. In contrast to part I of this study, the factors which affected the acceptability of drug treatment such as sleep time and stress level 10) , were not associated with drug compliance in part II. In general, sales persons have a higher frequency of drinking alcohol and eating dinner out than other workers in Japan. This irregular lifestyle might have lowered compliance, but in this study, these lifestyle factors did not significantly affected drug compliance. Although alcohol drinkers generally tend to discontinue the medication, because of the effect of alcohol abuse or of being in fear of increased side effects by combining drink and medication 12) , there was no significant difference in compliance rates based on frequency of drinking or ethanol consumption. In regard to private lifestyle, taking breakfast daily was significantly associated with compliance. This result suggest that workers having a regularly lifestyle were more compliant with drug treatment.
As mentioned in part I of this study 10) , participants in this study may possibly be more health conscious, to some degree, than the general population of workers with hypercholesterolemia for the following reasons. 1) Subjects with very low health consciousness were not included, since, according to this study protocol, we could not make contact with those who did not answer even the approach for explanation of the results of periodically medical check ups. 2) Participants whom we followed up for a longer period in this study were more health conscious than participants whom we could not. For these reasons, there could be partial bias in the selection of study subjects, and the true noncompliance rate in workers might be higher. In addition, there are several problems in interpreting the results from work places in a multicenter study. The results may depend on differences in the characteristics of workers among different companies. In addition to job styles and the characteristics of each company, achievements in education on the prevention of IHD performed before this study may be important in determining drug compliance. Therefore, we consider the necessity of further comparison in compliance between types of jobs, sectors of industries, locations of industries, and educational achievements using larger populations in the future.
Based on the results of part I of this study, about half of the hypercholesterolemic workers diagnosed in periodical check-ups accepted drug treatment after when it was recommended 10) . This study showed that about 50% of workers who accepted treatment were compliant. Thus, only a quarter of hypercholesterolemic workers who were detected in periodical check-up received the full benefit of drug treatment. This result indicates that developing acceptability-and compliance-enhancing programs for hypercholesterolemia is an important issue for workers' health care.
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